Chemical context
Considerable attention has been devoted to the preparation of new inorganic materials with open-framework structures (Rao et al., 2001; Bouzidi et al., 2015) due to their structural diversity covering a wide range of chemical compositions (Zhou et al., 2002) . In particular, transition-metal-based open-framework phosphates represent a highly attractive class of materials in industrial processes. In fact, their special framework structures lead to interesting properties that depend not only on the inclusion guest in the pores, but also on the chosen transition metal (Durio et al., 2002; Ló pez et al., 2004; Fé rey et al., 2005) . Typical examples are ion-exchangers (Jignasa et al., 2006; Kullberg & Clearfield, 1981) and compounds with special magnetic (Chouaibi et al., 2001; Ferdov et al., 2008) and catalytic properties (Weng et al., 2009) .
In this context, our group focuses on the synthesis and characterization of new transition-metal phosphates crystallizing either in alluaudite- (Moore, 1971) or -CrPO 4 -type structures (Attfield et al., 1988) . In attempts to obtain new compounds belonging to the latter structure type, we have synthesized and structurally characterized several new phosphates, including those with oxidation states of both +II and +III for manganese. These compounds have the general formula MMn III Mn 2 II (PO 4 ) 3 (M = Pb, Sr, Ba) (Alhakmi et al., 2013a,b; Assani et al., 2013) and adopt the -CrPO 4 structure type. Recently, the phosphates Na 2 Co 2 Fe(PO 4 ) 3 (Bouraima et al., 2015) and Na 1.67 Zn 1.67 Fe 1.33 (PO 4 ) 3 (Khmiyas et al., 2015) with an alluaudite-like structure were also reported. As a continuation in this regard, we have now extended our investigations to the quaternary system MO/MnO/Fe 2 O 3 / P 2 O 5 , where M is a divalent cation. The present work deals with the synthesis and the crystal structures of two new isotypic alkaline earth manganese iron phosphates, namely, ISSN 2056-9890 BaMn 2 Fe(PO 4 ) 3 and SrMn 2 Fe(PO 4 ) 3 . Their structures show a similarity with that of AM 4 (PO 4 ) 3 phosphates where A is a monovalent cation and M a divalent cation (Daidouh et al., 1999; Assaaoudi et al., 2006) .
Structural commentary
The principal building units in the crystal structures of both phosphates are distorted FeO 6 and MnO 6 octahedra, PO 4 tetrahedra and Ba 2+ or Sr 2+ cations as shown in Figs. 1 and 2. In each structure, two MnO 6 octahedra are linked together by a common edge to give a Mn 2 O 10 dimer to which FeO 6 octahedra (point group symmetry .2.) are alternately connected on both sides. In this way, infinite zigzag chains parallel to [001] are formed (Fig. 3) . Adjacent chains are linked together by sharing corners with two types of PO 4 tetrahedra, forming a layer-like arrangement parallel to (010) as shown in Fig. 4 . Such layers are stacked along [010] to form a three-dimensional framework (Fig. 5 ) with two types of channels running parallel to [001] in which the alkaline earth cations are located on a twofold rotation axis. They are coordinated by eight oxygen atoms (Figs. 1 and 6), with bond lengths ranging from 2.6803 (10) to 2.8722 (11) Å for the BaO 8 polyhedron and of 2.6020 (9) to 2.7358 (11) Å for the SrO 8 polyhedron. The principal building units in the structure of SrMn 2 Fe(PO 4 ) 3 . Displacement ellipsoids are drawn at the 50% probability level. The principal building units in the structure of BaMn 2 Fe(PO 4 ) 3 . Displacement ellipsoids are drawn at the 50% probability level. Bond-valence-sum calculations (Brown & Altermatt, 1985) are in good agreement with the expected values for alkaline earth, manganese(II) and iron (III) 
Database survey
A comparison between the structures of the title compounds and those of other phosphates such as the AM 4 (PO 4 ) 3 compounds (A = monovalent cation and M = divalent cation) (Im et al., 2014) , reveals that all these compounds crystallize with orthorhombic symmetry and nearly the same unit-cell parameters despite the differences between their chemical formulae and space groups. In order to give an illustrative picture of the similarity between these two formula types, we can write the general formula of AM 4 (PO 4 ) 3 compounds as follows: are formed by stacking of the same infinite zigzag chains of edge-sharing octahedra. Furthermore, these structures are characterized by the presence of two types of channels in which the large cations are located.
Synthesis and crystallization
Single crystals of the title compounds were isolated as a result of solid-state reactions. Stoichiometric amounts of alkaline earth (M = Ba, Sr), manganese, iron and phosphate precursors in a molar ratio M:Mn:Fe:P = 1:2:1:3, were dissolved in 40 ml water that was placed into a 100 ml capacity pyrex glass beaker. The mixture was stirred at room temperature for 20 h and was evaporated under stirring at 363 K until dryness. The obtained black powder was ground in an agate mortar and pre-heated at 573 K in a platinum crucible for 24 h to eliminate gaseous materials. Subsequently, the resulting residue was reground and melted for 30 min at 1293 K, followed by slow cooling down to 1093 K at a rate 5K h À1 and a rapid cooling to room temperature by switching off the furnace. In the case of the BaO-MnO-Fe 2 O 3 -P 2 O 5 system, the reaction product consisted of two types of crystals, viz. orange crystals of the title compound, BaMn 2 Fe(PO 4 ) 3 , and dark-violet crystals that were identified to be another new phase. In the case of the SrO-MnO-Fe 2 O 3 -P 2 O 5 system, the reaction product contained dark-brown crystals corresponding to the title compound, SrMn 2 Fe(PO 4 ) 3 .
Refinement
Crystal data, data collection and structure refinement details for the two compounds are summarized in Table 1 For both compounds, data collection: APEX2 (Bruker, 2014 ); cell refinement: SAINT (Bruker, 2014) ; data reduction:
SAINT (Bruker, 2014 ); program(s) used to solve structure: SHELXT2014 (Sheldrick, 2015a ); program(s) used to refine structure: SHELXL2014 (Sheldrick, 2015b) . Molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) and DIAMOND (Brandenburg, 2006) for (I); ORTEP-3 for Windows (Farrugia, 2012) , DIAMOND (Brandenburg, 2006) for (II). For both compounds, software used to prepare material for publication: publCIF (Westrip, 2010) .
(I) Barium dimanganese(II) iron(III) tris(orthophosphate)
Crystal data 
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Extinction coefficient: 0.0072 (3)
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å
